clearly distinguished from the other samples analyzed, and displayed a 1.5-2-fold greater increase in cell number, mainly at the later time points of the curve (Figure 1b, Supplementary  Figure 1b) , and reduced response to the antiproliferative effect of rapamycin, a specific mTOR inhibitor ( Figure 1c, Supplementary  Figure 1c) . Curiously, whereas dual PI3K-mTOR inhibition (wortmannin+rapamycin treatment) continued to be less effective in reducing to a similar extent the proliferation of ASD1-2 and control cells, it was able to restore the enhanced proliferation of ASD3 cells (Figure 1c, Supplementary Figure 1c) , suggesting a possible different regulatory mechanism in ASD3 cells. Knockout mouse models of both syndromic and nonsyndromic ASD with disinhibited mTOR signaling and dysregulated protein synthesis present dysplastic and enlarged neurons with increased spine density in several brain regions. 5, 7, 8 Although we did not notice increased ASD1-3 SHED volumes, it will now be important to determine and explore further whether the altered proliferative phenotype observed in these cells may also be observed in neuronal cell types, which could be a potential additional mechanism whereby disrupted mTORC1 signaling contributes to ASD neuropathology.
Conventional karyotyping and analysis of copy number variations at 15q11-q13, 16p11 and 22q13, found to occur more often in ASD, did not reveal any genomic aberrations in all patients except ASD3, who presents an inverted duplication of 15q11-q13. It is possible that genes located at this region may contribute to the aberrant molecular and cellular phenotypes observed in ASD3 cells. In addition, TSC1/2, FMR1, PTEN, NF1 and MeCP2 genes (ASD-associated genes known to be negative regulators of PI3K-mTOR signaling pathway) were screened for coding and splice-site mutations in ASD1-13 patients and no potentially deleterious variants were identified. Therefore, the causative genetic architecture underlying mTORC1 overactivity in ASD1-3 cells remains to be determined. It is also noteworthy that patients ASD1-3, who seem to some extent share overlapping pathophysiological mechanisms, show different degree of cognitive and social impairments: ASD1 was diagnosed with Asperger syndrome and ASD2-3 with low-functioning autism (Supplementary Table S1 ), suggesting that other genetic and environmental modifier factors may also have a role in cognitive development in these patients.
In conclusion, our results suggest that dysregulation of mTORC1 signaling has an important role in the pathogenesis of a subgroup of nonsyndromic ASD, and that mTOR pathway components might be promising therapeutic targets for these patients. Importantly, during the revision process of this manuscript, it was reported hyperactivated mTOR signaling in postmortem brain tissue from both adolescent patients with idiopathic ASD 9 and 15q11-q13 duplication patients with ASD, 10 which provide further strong support for this hypothesis. Finally, our results suggest that SHEDs are an alternative and more readily accessible source of patient material to study disease pathophysiology and to refine treatment approaches for individual patients.
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The authors declare no conflict of interest. Stressful events can have both short-and long-term effects on the brain. 1,2 A recent investigation by our lab identified regional grey matter volume (rGMV) changes in people in the months following the Japanese earthquake. 3 These findings indicated that smaller anterior cingulate cortex volume was a preexisting vulnerability factor for posttraumatic stress disorder (PTSD) symptoms and that decreased volume of the orbitofrontal cortex (OFC) was a result of these acquired symptoms. 3 These types of symptoms were regarded as manifestations of the short-term effects of postearthquake stress. However, the long-lasting effects of stressful events on brain structures remain unclear. Thus, this study examined the 1-year prognoses of subjects after a stressful event to clarify the long-term effects of stress on structural brain changes.
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Of the 42 subjects included in our previous study, 3 37 subjects (male/female (M/F) = 28/9, age = 21.0 ± 1.6 years) were recruited for a third time, and their structural magnetic resonance imaging (MRI) scans were evaluated 1 year after the earthquake. The optimized voxel-based morphometry (VBM) method for a brain structural data set (for greater detail, see Sekiguchi et al.,
3 ) was applied, and rGMVs from before (Pre), soon after (Post) and at the 1-year follow-up (Follow-up) of the earthquake were compared using conjunction analyses. In addition, we also assessed the subjects' psychological characteristics, including anxiety, depression, posttraumatic growth and self-esteem. Furthermore, we collected longitudinal brain structural MRI data from 11 normal controls (M/F = 7/4, age = 20.2 ± 1.0 years) obtained on at least two occasions before the earthquake (see Supplementary Methods for additional details).
At 1 year after the earthquake, none of the subjects in this study had developed clinical PTSD, whereas other psychological measures did not significantly change from Post to Follow-up (see Supplementary Table S1 ). In terms of rGMV, bilateral and medial OFC volumes significantly increased (P o 0.05; small-volume correction, SVC), and right hippocampal volumes significantly decreased (P o 0.05, SVC) from Pre and Post to Follow-up (Figure 1; Supplementary Table S2 ), whereas the control subjects did not show above-mentioned rGMV changes between two time points. Post hoc correlation analyses revealed that the increase in the volume of the left OFC from Post to Follow-up was significantly correlated with self-esteem scores at Post (r = 0.43, P = 0.007; Supplementary Table S3 ).
The increase in OFC volume identified in some subjects who reported stress indicates that recovery from emotional distress is possible following a stressful event. Previous neuroimaging findings have shown that a reduction in OFC volume is a sign of emotional distress following stressor, 3 but stress-induced structural and functional alterations in the OFC are reversible. 4 Although the left OFC volume in our subjects experiencing PTSD symptoms soon after the earthquake decreased in the short term, 3 the mean OFC volumes increased during this period (Figure 1b) , which is consistent with previous findings soon after a disaster. 5 Moreover, the results provide an initial indication that the increased left OFC volume was caused by higher self-esteem. Given that higher self-esteem is one of the most important traits of resilience in the context of stressful life events, 6 it is possible that self-esteem is a predictor of increased OFC volume, representing the successful regulation of emotional distress after the earthquake by healthy survivors.
In contrast, stress related to the earthquake may persist even after 1 year. Psychological evaluations at 1 year revealed that even subclinical levels of depression and anxiety levels had not improved from soon after the earthquake. Hippocampal volume reduction is a robust finding in traumatized subjects, 7 and is observed even in subjects with subclinical depression after a disaster. 5 Even if the hippocampal volume of young healthy adults were not significantly but slightly reduced as a function of aging (see Supplementary Discussion), post-earthquake stress would accelerate the hippocampal volume reduction because agerelated reduction is modified by PTSD and depression. 8 Together, these findings led us to hypothesize that both prolonged stress and aging affect a reduction in hippocampal volume over time, whereas short-term stress does not reduce hippocampal volume in the period immediately following stressful events such as earthquakes 3 (see Supplementary Discussion). The limitations of this study included the absence of psychological assessments and incomplete profiles for the control subjects (see Supplementary Discussion).
Despite these limitations, the present follow-up VBM study found that stressful events had long-lasting effects on various brain structures, suggesting that such changes are influenced by prolonged stress and self-esteem characteristics. Here, it was assumed that structural changes in the brain following stressful life events are not static, but dynamic, throughout one's lifetime. Recently, altered functional and structural connectivity, including in regions adjacent to the OFC and hippocampus as well as in the insula, basal ganglia and parietal lobe, 9, 10 have been reported soon after a disaster. Therefore, further longitudinal investigations using multimodal approaches are necessary to examine whether the stress-induced alterations in brain structure are reversible (see Supplementary Discussion). 
